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I. INfRoDUCTION 
T h i s  f i n a l  r e p o r t  c o v e r s  work performed under c o n t r a c t  NAS 10-8982 
f o r  t h e  p e r i o d  A p r i l  8 t o  October  8, 1977. The major  e f f o r t  h a s  been  tc 
develop ,  des ign ,  f a b r i c a t e  and test p o r t a b l e  e l e c t r o c h e m i c a l  a n a l y z e r s  
f o r  tsonoinethylhydrazine and NO2 measurement. The o b j e c t i v e  o f  t h i s  re- 
p o r t  is to suemarite t h e  major  f i n d i n g s  o f  t h i s  work. 
A p r i o r  r e p o r t  (1) d e t a i l s  t h e  e l e c t r o c h e m i c a l  technology which w a s  
used  to  develop  t h e  f i x e d  i n s t a l l a t i o n  WDEL 7630 ECOLYZER. A similar 
approach h a s  been  t a k e n  i n  t h i s  program f o r  t h e  developslenL of  t h e  
p o r t a b l e  i n s t r u m e n t a t i o n .  
A d d i t i o n a l  e f f o r t  w a s  needed t o  improve t h e  MDDEL 7630 ECOLYZER f o r  
its f i e l d  a p p l i c a t i o n  and t h i s  work w i l l  be d i scussed .  
I n  o r d e r  t o  p r e p a r e  t h i s  i n s t r u m e n t a t i o n  f o r  e f f e c t i v e  f i e l d  im- 
p l emen ta t ion ,  i n s t rumen t  c a l i b r a t i o n  and hand1 ing  t e c h n i q u e s  were de- 
ve loped a l o n g  w i t h  needed a c c e s s o r i e s .  
I n  surmnary, t h e  fo l lowing  t a s k s  were completed w i t h i n  t h e  scope o f  
t h i s  work. 
TASK I: A p o r t a b l e  MMH a n a l y z e r  was developed,  des igned,  
f a b r i c a t e d  a-ad t e s t e d .  
TASK 11: A p o r t a b l e  NO2 a n a l y z e r  w a s  developed,  des igned,  
f a b r i c a t e d  and t e s t e d .  
TASK 111: Sampling probes  and a c c e s s o r i e s  were des igned and 
f a b r i c a t e d  f o r  t h i s  i n s t  rumenta t iun .  
TASK I V :  Improvements and mod i f i c a  t inns  were made to  t h e  
MODEL 7630 ECOLYZEK i n  p r e p a r a t i o n  f o r  f i e l d  t e s t i n g .  
TASK V: Instrument c a l i b r a t i o n  procedures and hydra t ine  
handl ing techniques  necessary t o  t h e  success fu l  
a p p l i c a t i o n  o f  t h i s  hardware were developed. 
The des ign  g o a l s  f o r  t h e  p o r t a b l e  ins t rumenta t ion  f o r  NO2 and MMti 
are given i n  TABLE I. The success fu l  completion o f  t h e s e  o b j e c t i v e s  
was most e a s i l y  accomplished us ing  t h e  commercially a v a i l a b l e  6000 
S e r i e s  ECOLYZER "Hipster" design.  Therefore ,  t o  meet these  g o a l s  a 
MODEL 6601 HMH ECOLYZER and a MODEL 6302 NO2 ECOLYZER were developed. 
The fol lowing r e p o r t  d i scusses  t h e  e f f o r t  necessary t o  meet t h e s e  
instrument des ign  o b j e c t i v e s  and s u c c e s s f u l l y  complete the  major t a s k s  
of t h i s  work. 
11. EXPERIMENTAL 
The fundamental des ign o f  t h e s e  i n s t r u m e ~ l t s  inc ludes  an  e l e c t r o -  
chemical c e l l  a s  t h e  vapor d c t e c t i o n  p r i n c i p l e .  A complete d e s c r i p t i o n  
of t h i s  technique has been repor ted  (1)  and t h e r e f o r e  only  a summary 
of t h e  experimental  techniques used f o r  development of t h e  instrumenta- 
t i o n  is discussed here .  
A schematic diagram of the  e lec t rochemica l  sensor  des ign is shown 
i n  (FIGURE 1). The t h r e e  e l e c t r o d e s  a r e  a l l  Teflon-bonded d i f f u s i o n  
e l e c t r o d e s  prepared by spraying a cata lys t -Tef lon d i s p e r s i o n  on to  a 
hydrophobic Tef lon f i lm.  The Platinum and Gold c a t a l y s t  m a t e r i a l s  were 
purchased a s  high s u r f a c e  a r e a  powder:,. These e l e c t r o d e s  were s e a l e d  
to  a polypropylene chamber which was subsequentiy f i l l e d  with e l e c t r o -  
l y t e .  The aqueous e l e c t r o l y t e ,  was prepared from reagent grade m a t e r i a l s  
and d i s t i l l e d  and deionized water. 
TABLE I 
DES LCN COALS 
PORTABLE HYPERCOLIC VAPOR DETECTION SENFORS 
Single Channel 
Banges (switch s e l e c t )  
S i z e  
Weight 
Response Time (90Z) 
Recovery Time (90%) 
Accuracy 
Reproducibility 
Noise 
S p e c i f i c i t y  
Zero and Span D r i f t  
Operating Temperature 
Operating Humidity 
Cantinuous Operation 
Battery Recharge 
IdMilhydraeine o r  NO2 
POlM - 0-2 ppm, 0-20 ppm 
NO2 - 0-5 ppm, 0-50 ppm 
6" x 4" x 3" 
3.5 pounds 
30 seconds 
30 seconds 
? 2% F.S. 
2 2% F.S. 
1% F.S. 
S p e c i f i c  for  gas  of  i n t e r e s t  
Below 10% F . S . over 30 days 
32" - 104°F 
5% - 100% RH 
8 hours 
16 hours 
Cold and p l a t i n c ~ ~ a  l e a d s  from t h e  sensor  e l e c t r o d e s  were a t t a c h e d  
to a p o t e n t i o s t a t  (FIGURE 2) and hydraeine  sens ing  e l e c t r o d e s  were po- 
t e n t i o s t a t i c a l l y  c o n t r o l l e d  a t  +lo0 mV w i t h  r e s p e c t  t o  t h e  P t l a i r  r e f e r -  
ence e l e c t r o d e  whi le  NO2 s e n s i n g  e l e c t r o d e s  were c o n t r o l l e d  a t  -200 mV 
w i t h  ref p e c t  to t h e  sensor ' s  P t l a i r  r e fe rence  e l e c t r o d e .  The r e f e r e n c e  
e l e c t r o d e ,  P t / a i r ,  was s t a b l e  t o  2 0.01V a t  approximately 1.0 2 .030V 
i n  a c i d  e l e c t r o l y t e  w i t h  r e s p e c t  t o  t h e  normal hydrogen e l e c t r o d e .  
H i p s t e r  s e n s o r s  were f i l l e d  wi th  13.5 cc  of e l e c t r o l y t e .  The hy- 
d r a z i n e  cells used 23% KOH s o l u t i o n  whi le  t h e  NO2 c e l l s  used 28% H2S04 
s o l u t i o n  as t h e  e l e c t r o l y t e .  A l l  s e n s o r s  f o r  hydrazine  a n a l y s i s  had 
Tef lon  f a c e p l a t e s .  
During sensor  eva lua t ion ,  g a s  mixtures  were passed over  the  back 
(gas) s i d e  of  t h e  s e n s i n g  e l e c t r o d e  a t  cons tan t  f lowra te ,  t y p i c a l l y  
400 cclminute,  and t h e  c u r r e n t  produced by e lec t rochemical  r e a c t i o n  i n  
t h e  s e n s o r  f lowing between t h e  sens ing  and counter  e l e c t r o d e s  w a s  moni- 
tored.  The s e n s o r s  c u r r e n t s  were measured by monitoring the  v o l t a g e  
drop a c r o s s  a p r e c i s i o n  r e s i s t o r  ( t y p i c a l l y  1K) i n  s e x i e s  w i t h  t h e  
s e n s i n g  e l e c t r o d e  and d i s p l a y i n g  t h i s  vo l t age  on a s t r i p  c h a r t  recorder .  
Background c u r r e n t s  were measurt?d f o r  the  sensor  i n  a " s t a t i c "  con- 
d i t i o n  (no gas  flow through the  sensor)  and i n  a dynamic o r  "steady 
s t a t e "  cond i t ion  i.e., w i t h  a cons tan t  gas  flow o f  "zero" grade a i r  
(79% N2, 21% 02) through the  sensor .  S i g n a l s  f o r  the  v a r i o u s  g a s  mix- 
t u r e s  were obta ined by f i l l i n g  g a s  sample hags wi th  the  d e s i r e d  mixture 
and, by us ing an a i r  sampling pump, drawing t h i s  gas  i n t o  t h e  sensor  
a t  f lowrates  which wre constant  f o r  each ana lys i s .  I n  t h i s  manner the 
sensor s igna l  (current)  was measured a s  the d i f fe rence  i n  sensor output 
a t  steady-state between zero a i r  and the  po l lu t an t  gas  mixture. 
A dynamic d i l u t i o n  apparatus  was used t o  synthesize mixtures of 
Hydrazine, MMH, and UDMti i n  both N2 and a i r .  I t  consis ted of a Sage 
Model 355 syringe pump which del ivered l i q u i d  (neat) llydrazines through 
a septum-sealed p o r t  i n t o  the d i l uen t  gas stream. The system was a l l  
g l a s s  except f o r  TFE valve stems. By ad jus t i ng  the f lowrate of d i l uen t  
gas  and hydrazine l i qu id ,  a v a r i e t y  of mixtures from < 1 ppm t o  > 100 ppm 
could be synthesized i n  a continuous fashion. These streams were co l lec ted  
i n  50 l i ter Teflon sample bags which allowed severa l  tests t o  be per- 
formed with the same homogeneous vapor mixture sample. For a de t a i l ed  
procedure f o r  the  operat ion of thc d i l u t i o n  apparatus,  see Appendix I. 
Wherever poss ib le  ava i l ab l e  standard gas  mixtures w e r e  obtained. 
For NO/N2, N02/air, H2/air ,  CO/air, NH3/NZ, H2S/N2, S02/air ,  and Freon- 
12/N2 samples, mixtures were obtained commercially a t  var ious  ppm l e v e l  
concentrat ions while C02, N2, 02 and He were obtained a s  pure gases. 
To obta in  mixtures of these gases  a t  intermediate concentrat ions,  
i.e., fo r  l i n e a r i t y  s tud i e s ,  a dynamic d i l u t i o n  scheme was used. It 
consis ted of the  pure gas o r  gas mixture and t h e  d i l uen t  gas being 
continuously blended through two ca l ib r a t ed  flowmeters ( 2  1%). This 
allowed d i l u t i o n  mixtures over approximately me order of magnitude t o  
be prepared with approximately 2 2% precis ion.  
I n  order  t o  c a l i b r a t e  the hydrazine a ra lyzer ,  i t  is important to  
know accurately the  hydra2ir.e concentration. Duc t o  the spec ia l  prob- 
lems involved i n  preparat ion of hydrazines vapor mixtures i t  was necessary 
to develop precise procedures for vapor mixture analysis. Colorimetric 
methods were developed for the determination of hydrazine, MMH, and UDMH 
vapor in air or nitrogen by modifying previously existing methods. The 
exact procedures used in vapor mixturl calibration are detai'ed in 
Appendices 11-A, 11-B, and 11-C for MMH, hydrazine, and UDMtl, respectively. 
The sampling method employed involved direct collection of the vapor 
mixtures by trapping them in a midget impinger apparatus. Hydrazine 
vapors were collected in 0.1 N HCl, MMH vapors in 0.1 N H2S04 and UDMH 
vapors in a citric acid/Na2HP04 buffer solution. 
The analysis of aqueous samples of hydrazine and MMH consisted of 
reacting the N2H4 or MMH with p-dimethylaminobenzaldehyde to form a 
yellow dye. Since UDMH does not form a dye with p-DMAB, another analysis 
was used which involved reacting the UDMH with trisodium-dimethylamino- 
pentacyanoferrate and analyzing the resultant red solution colorimetric- 
ally. All colorimetry was performed with a Bausch and Lomb Spectronic 
20, using a wave length of 457 nm for N2H4 and MMH and 500 nm for UDMH. 
Standard solutions of ti, MMH, and UDMH were prepared gravimetrically 
from the appropriate salts of the hydrazine compounds. 
A Tenney Environmental Chamber bas 11r.eC to evaluate the instrument 
performance specifications under varying e..vironmental stresses. 
111. RESULTS AND DISCUSSIONS 
For t h e  purpose of  c l a r i t y ,  t h i s  s e c t i o n  of the  r e p o r t  is d iv ided  
i n t o  f o u r  d i scuss ions .  
A. The Model 6601 MWI Analyzer 
B. The Model 6302 NO2 Analyzer 
C. The Model 7630 MMH/N02 Analyzer 
D. Analysis  and H ~ t ~ d l i n g  of Hypergolic Vapors. 
I n  each of these  d i s c u s s i o n s  the  r e s u l t s  of t h e  t e s t  program w i l l  
be d iscussed.  
A. The Model 6601 MMH Analyzer 
The i n i t i a l  phase i n  the  development of t h i s  ins t rument  was the  con- 
s t r u c t i o n  and e v a l u a t i o n  of the  e lec t rochemica l  sensor .  Th i s  t r ansducer  
is t h e  h e a r t  of the  ins t rument  ana lyze r  s i n c e  w i t h i n  i t  the  e lec t rochemica l  
a n a l y s i s  of t h e  hydrazine occurs.  
The "hips ter"  sensors  desc r ibed  i n  Sec t ion  I1 were s e l e c t e d  f o r  pro- 
t o t y p e  ins t rument  development. They e x h i b i t e d  a t y p i c a l  background c u r r e n t  
of 2 pA and a s e n s i t i v i t y  t o  MMH of approximately 1 3  pA ppm-l .  This  in- 
d i c a t e s  a background s i g n a l  equ iva len t  t o  approximately 150 ppb. I n i t t a l  
s e n s o r s  had a r i s e  time of 50 seconds t o  9OX of s i g n a l  and a decay t i m e  
30 seconds t o  90% of s i g n a l  when t e s t e d  a t  7.7 ppm MMH and 400 c c  min-' 
of sample g a s  flow. A t y p i c a l  resporrse is shown i n  FIGURE 3 where t h e  
arrows i n d i c a t e  exposure of the  sensor  t o  the  MMH/N2 mixture and then 
exposure t o  room air.  The i n i t i a l  s i g n a l  f  rum the  sensor  is near ly  in- 
s t an taneous  whi le  the  a t t a inment  of s t e a d y - s t a t e  occurs  on ly  a f t e r  sev- 
e r a l  minutes. 
'Pha response of this mnsor waa measured at various flowrates be- 
anon 0 .nd 700 cc dn- '  for MI/N2, N2H4/N2 and UDMH/N2 vapor mixtures 
with the results ohawn in FIGURE 4. The concentratton of MMi was approgi- 
mtely 13.8 ppm whUe the conc~~nt ra t ion  of N2H4 was approximately 8.8 ppm 
and the concentration of U M l  was approximately 6.6 ppm. A l l  the flow 
dependencies are similar  and indicate  that 400 cc rain0' o r  higher is a 
eui table  flowrate f o r  instrument operation. It is noted that the sensor 
signal for the most v o l a t i l e  of the hydrazines, UDEW, is least sens i t ive  
t o  flow above 400 cc min- l. It was observed tha t  a l l  of the hydrazines 
ewe well  behawed, repeatable steady-state signals  a t  the flawrates 
studied. 
Subsequent t o  t l d s  i n i t i a l  sensor functional test, t h i s  sensor 
design was  incorporated i n t o  the 6000 Series ECOLYZER instrument. A 
picture of the resul t iqg  analyzer is shown i n  FIGURE 5. By reference 
t o  TABLE I1 the control functions of the instrument can be understood. 
Three instruments were fabricated i n  the design and ident i f ied  a s  S I X  
B001, 8002 and Prototype 11. The instruments were designed t o  operate 
i n  the range 0-2 and 0-20 ppm H. FIGURE 6 i l l u s t r a t e s  how the instru- 
ment separates f o r  service revealing the in ternal  s t ructure  and layout. 
The major components from l e f t  t o  r i g h t  contained i n  the top half a re  
the Teflon sample intake, pump, panel meter and electronics and the 
lower half contains from l e f t  t o  r igh t  the audible alarm, the sensor and 
the rechargeable battery pack. 
The instrument' s three basic functional sections; the sensor, the 
pump system and tile electronic system are  i l lus t ra ted  schel~at ica l ly  i n  
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was more rapid tban Initial sensor tes t ing  since f laura tes  ior these in- 
struments were typical ly greater.  This w i l l  reduce e f f e c t s  due t o  ad- 
sorption and reaction of the wapor mlxture p r io r  t o  its analysis  i n  the 
instrument seasor. Pbe precision cf these analyses was f 1.5% and both 
precLsion and r e s p e m  times w e r e  found t o  be -roved at  higher cmcee 
trations. A t  levels k l w  1 ppm PlMI response times of several minutes 
t o  90% of signal  was obsenred with precisions of + 3% t o  f 10%. 
'Pbe instrument response w a s  determined for  several  Mli concentrations 
and the resu l t  Is sImwn i n  FIGURE 9. The concentrations of B H I  was de- 
termined c o l o r h e t r i c a l l y  by tt.e mthod given i n  Appendix 11 with an 
accuracy of t 5%. The instrument is l inea r  i n  MHH concentration within 
the experimental uncertainties i n  the measurements. The noise level  on 
these part icular  instr-nts was l e s s  than 10 ppb Mi. 
Studies of the e f f e c t s  of temperature upon the performance of the 
ECOLYZER instrument fo r  hydraeiae analysis were carried out i n  an environ- 
mental chamber. A t  temperatures below 10°C, water vapor and hydrazine 
vapors eoadeasad In the l~st tumeat  Intake tubleg and it was wery d i f  f lcalt 
to &tab accurate eed npresentat ivle results. Special precauti- were 
taken, to utLli= only dry gas Pixturer, und exclude roaa air from the 
e~vlromrsmtal chamber and the mOBL 6601 intake. Ibe results of these 
oxpri.mmts are reported In FICUW8 10. The ,nstrupeat output (FIGUIIB UIA) 
dlblts a eqmn vartatioa of 38% over the e n t i r e  r q g i o ~  of 2-40°C er 
approximately lZ/&gree centigrade. This e f f e c t  am be P i r r i r i d  by 
dec t rcmlca l ly  ooqpeasatlag f o r  t b  spaa change and, indeed, t h i s  approach 
bas proPen srrecessful In tkis type of e lec t r~ic t rer ica l  h t r u m e m t s  f o r  
0, 10, and U02. Instrument zero changes (FIGURE 1m) of ? 100 ppb a r e  
c b s a d  ustog t h i s  Inst-t but this poses l i t t le  problem since the 
instrwaent can easily be zeroed i n  the f i e l d  LBedfirtely p r i o r  t o  vapor 
m e 8 s u r ~ t s .  
The zero and span d r i f t  measurerents a r e  c o q ~ l i c a t e d  s ince  there is 
a sirultruleorur time dependence fo r  zero and span d r i f t  occurring along 
with the temperatme measurements. The Hero d r i f t  of an in termi t tent ly  
operated FiFlfi hipster was 0.02 ppm ower a period of 11 days and the span 
t i r i f t  was 1.4% over the same period. On another MtH hips ter  0.06 ppm was 
obserwed Tor zero d i r f t  ower 10  days. These d r i f t s  are necessari ly in- 
cluded i n  the reported temperature measurements. 
From the descript ive instrument data collected using the three pro- 
totype instruments, ve have developed the general instrument specif icat ion 
reported i n  TABLE 111. By comparison with TABLE I (INTRODUCTION) we  note 
tha t  the design goals of the program have been achieved. 
-=Q@ 16 b u n  
Stadby Bower CooeuaptioP <48 hours 
*be 12 P.S. 
Stabi l i  t y  
an, Drift ?: 2% F.S. per day 
Span Drift 2 2% of range per day 
T-rature Drift 
Humidity Range 
Direns f oas 
Ztei#t 3.5 pounds 
In any f i e l d  ues aas of the aost Important charac ter is t icu  of M 
ieetmmmt is its se lec t iv i ty  or dlscrialnat ioa.  This is the a b i l i t y  t o  
B e e t  the taste vapor of interest In the presence of other atmospheric 
ceootituente. Pbe Interference due t o  selected pol lu tants  f o r  this hydra- 
s b e  senset are given in TABU IV. The paejor interferences are found to 
be UUj, mq. aad the sulphur gases Us and SO2. 'RDe n o d  ~ t i t ~ t s  
of awbient air aoaely 12, 02, 00 and are not reactiwe with t h i s  sen- 
eor and therefore do mot i n t e r f e r e  with the  vapor analysis. 
liy8tagiae vapors in air or nitrogen pose a special problea~ I n  analysis.  
¶'he nature and tht area of the surfaces which are in coatact with the  vapors 
have an extepslve e f f e c t  oa t he  vapor mixture s t a b i l i t y .  *refore, the 
design of this instrument includes f i t t i n g s  and p l d i n g  of FEP and TI% 
T e f h  wherever the vapor mixture t o  be analyzed is in coatact  with the 
irrstmsaerrt. I n  on le t  t o  m l e  spec i f i c  locat ions  a t  a distance fram the  
i n s t r u a ~ n t  intake, a remote sampling probe was designed and constructed as 
sham i n  FIWRE 11. It is a protectiwely sleeved Teflon tube with connect- 
ing f i t t i n g s  on each end. One f i t t i n g  is designed t o  i n s e r t  i n t o  the  M H  
Hlpster instrument intake while the other f i t t i n g  mates with a Teflon probe 
designed t o  be hand-held and sample local ly.  The probe i t s e l f  has multiple 
recessed vapor i n l e t s  at the t i p  t o  avoid the poss ib i l i t j j  of clogging and 
a l s o  a Teflon screen pa r t i cu la te  f i l t e r  b u i l t  i n t o  the handle. 
A prototype probe w a s  constructed and evaluated with the r e s u l t  sham 
i n  FIGURE 12. The response of the Hipster is shown fo r  6.5 ppsr FMi with 
the  14 foot  Teflon probe attached t o  the  instrument i n l e t .  The r e s p n s e  is 
RuDIWCSmm 1- RATIO 
IBrf'qmmrnm PWa 1 - r n  = 
G u  t'lIxmm IIPSTkR I6 PPH QP# m 
111 ppm WU3 (Max. Peak) 31. , 4: 1 
lo6 ppm R e  
lo6 ppm 0, 
1013 ppm Freon-1.2 0-16, 6300: 1 
the same m q d t d e  au tke iae tnment  without the probe exeept a s l igh t ly  
longer approach to steedpstate si-1 is observed. This eaeaas that c a l  i - 
brat ien  of the  i o e t ~ n t w i t h o u t  he probe, w i l l  not cause e r r o r  i n  the 
f hid when -1- with a probe, tlawemr, i t  is recommended to ca l ib ra te  
with the pmbe to place siaxce t h i s  w i l l  a l s o  insure proper probe p e r f o m c e .  
B TUE #Dm 6302 #)o AWALYZER 
3%- instrument development wae based upon Energetics Science, Inc's 
ga8 emtitoring technology (2, 3) and the recent dewelopeent of the MODEL 
763Q BCOLYZRB (1). Pbe instrument t rducer  operates by s e n s i q  M 0 2  vapors 
e l e c t r o c k d c a l l y .  ehe electrochemical react- at the sensing electrode is: 
l O 2 + 2 U + + h -  + WW++Z# (1) 
w h i l e  the reaction at  the counter electrode is: 
HP + Za++ 1120~ + 2e- (2) 
This y ie lds  an overa l l  c e l l  reaction of 
m2 + 10 + 1/2o2 ( 3) 
f o r  t h i s  sensor. Under the  conditions of cell operation t h i s  reaction o r  
sensing mecbmism is highly selectiwe. Slmilar t o  the previously des- 
cribed hydraziue transducer, t h i s  c e l l  is constructed from three Teflon- 
bonded di2fusion electrodes i n  the  "Hipster" design. 
The sensors selected for  ewaluation exhibited typical background 
currents  of 1-2 W and a sens i t iv i ty  of approximately 3 pA/ppm'l. A 
typical  sensor response is shown i n  FIGURE 13. The speed of sensor re- 
sponse is dependent upon both the c e l l  electrode batch from which the 
transducer was fabricated and a lso  upon the concentration. Sensor r i s e  
ti.a decreases at iacteaeing  tatration ration pnnidlng f a s t e r  measurement 
at  the mre lemls. Bespmmes were 1-8 than 30 seconds t o  
90% of 8-1 eves f o r  the sloPEeet cells a t  the lour coacentrations. 
'Lbe eooaor sLg~ele were then measured at  f lawrates between 0 a d  1.1 
L do' wlth the pamilt e b m  La FIGURE 14. The cell si-1 becaaes less 
semaitiee to f k a t e  changes as the  flowrate Increases. I n  t h i s  case the  
cell w l l l  be operated abowe 1 I. do-' and therefore should exhibi t  w i r -  
t ua l ly  no c w  i n  the  output si-1 wlth BLeor f luc tuat ions  i n  the in- 
strument f lowrate. 
%'be cells were fabricated into the prototype Hipster Instruments f o r  
ewaluatbn. A pic ture  of the resulting analyzer, the  E<30LYeSR MODEL 6302 
lOO2 Hipster is shown I n  FICllflB 15. I n  FIGURE 16 the In ternal  construction 
and b y o u t  is i l lus t r a t ed .  The emjor components from l e f t  to r igh t  are: 
pump, panel areter, and e lec t ronics  i n  the  upper case half and audible alarm, 
electrscheiDica1 c e l l ,  and bat tery  pack in the lower case half .  I n  TABLE V 
the  operating controls  and indicators  a r e  l i s t ed .  Three instruments were 
fabricated and ident i f ied  as S f 1  A001. A002, and prototype VI. The instru-  
etents were designed to operate i n  the ranges il-5 and 0-50 p p  NO2 with 
switch se lec table  ranging. 
'FRe instrument's bas ic  functional components a r e  shown i n  FIGURE 17 
consist ing of pumping system, electrochemical c e l l ,  and control  and display 
electronics.  The pump pushes a sample through the electrochersical c e l l  
where the vapors are analyzed and an output proportional t o  the NO2 con- 
centrat ion Is produced. This output sLgnal is displayed on the instrument 
SP- Ad3us-t Used to adjust the detector calf- 
bration when gerfo- calibra- 
tioa procedure. 
Used for the prec&se sect- of 
the ~ t ~ t :  =am. 
Alarm Set U s e d  to set tb l a d  at wUch 
the audible ahre w i l l  activate. 
IllUminat@s to s h  pump is 
6. 
7. 
8, 
9. 
10. 
11. 
12 , 
* 
.wmWt 
Probe aad FUter 
-1~ 
OFF/L/H switch 
A h m  "aa/OPP" 
Switch 
Charging Receptacle 
(Located on bottom) 
Recorder Jack 
Gas Exhaust 
activated. 
Illuminates when battery volt- . 
age i s  low. 
Used to sample ambients and re- 
move particulates. 
Turns pump on and off selects 
range. 
Used to silence audible alarm. 
Used for receiving plug from 
comec tor. 
Display gas level oa recorder 
trace. 
Used to divert sampled gas stream 
away from user. (Hydrazine only). 
J 
pmelmeter directly in  ppm UO2 or a n  be recorded using the 0-1V recorder 
output prodded. 
Repmc~esotative tespl#lses of the NO2 Hipster i n s t m t s  are  in 
FIRIRE 18. llme c i rc les  indicate 90% of sensor respotuse and them a re  all  
within SO secoads of ioitial gat6 d x t u r e  exposure. The precision for  these 
~ t ~ t s  was 2 1% at cmamtrationrs, i n  tbe 0-50 ppm region while the pre- 
cisian on the 0-5 ppm scale was typically + 1.5%. Noise levels were 0.05 r#m 
o r  lower correspondin8 t o  less than It of f u l l  scale on the most sensit ive 
operating range. bmplete and accurate analysis for  t402 is accomplished. 
w i t h  this Lnstrumeclt I n  less than two leiwtes. 
I n  PICUR$ 19 the dependence of the instrument output a t  temperatures 
between 0 and W°C is reported. A t o t a l  span change of less than 15% is 
observed over the range 0-40°C or approximately 0.3% per OC and nonnal 
temperature fluctuations i n  ambient conditions are compensated. Typical 
zero changes of 0.2 ppm or  4% of f u l l  scale on the most sensit ive range 
are shown i n  FICURR 19 over the temperature range 0-40°C. As is obserwed, 
the i n s tnmmt  zero -bits only a s l igh t  dependence upon the temperature 
of operation. Both the span signals and the zero signals reported here 
have been compensated by ins ta l la t ion of electronic compensation c i rcui t ry  
within the instrument. 
The response of the instrument was measured a t  concentrations between 
0 ppui and 10 ppm w i t h  the resul t  shuwn i n  FIGURE 20. The l inear i ty  of the 
instruorent was within the experimental error of the gas mixture with which 
the measurements were made. 
¶'he Instrument speci f ica t ions  resul t ing  from cobsideration of t h e e  
~ u ~ t ~  are giaen in TABLE WI. ?Phis sumariees  the instrument char- 
acteri~tics and illustrates that the program design goals  (TABLE I) have 
beun aehietPaQ. 
The spec i f i c i ty  of t h i s  instrument has been evaluated and the r e s u l t  is 
expressed i n  TAB= W I I .  The major interference is found f o r  SO2 gas mix- 
t u res  however, no interference Is recorded fo r  the normal const i tuents  of 
ambient air. 
A probe assembly described i n  F'IGUWe 21 w a s  designed to in ter face  with 
t h i s  instrument during ambient sampling. DOo e f f e c t  upon instruntent response 
w a s  produced by attachme~t of the probe a s s d l y .  The probe contains an 
in-line interference f i l t e r  f o r  f i e l d  monitoring. This f i l t e r  removes 
par t icula tes  and protec ts  the Instrument sensor. The probe is designed 
with several  sampling por t s  a t  the t i p  s o  tha t  it  cannot be eas i ly  plugged 
and is fabricated from a s ing le  piece of polypropylene. Vinyl tubing is 
used t o  connect the probe t i p  to  the instrument intake. 
I'BIYI 
Cbaa iag  Power I t s q u i r ~ n t s  
Charging T h e  
Operating Time with f u l l  charge 
S taadby Power Consump t ion  
Standard Ranges (Duul) 
Response Time 
Accuracy 
Reproducibility 
Noise 
S t a b i l i t y  
Zero Dri f t  
Span o r  Calibration 
Operating Temperature 
( f ~ r  f u l l  accuracyj 
Operating Relative Bumidi t y  
-%@ 
Physical Dimensions 
Weight 
* 
MODEL 6N2IW02 HIPSTEP 
1101' t o  12091 AC, 50160 Hz 
Overnight (approx. 16 hours) 
Right (8) hours of continuous 
operat ion 
No more than 48 hours between 
charge and use 
laop 0-5 ppmI0-50 ppm 
90a; of s ignal  within 30 sec. 
k 2% of f u l l  sca le  range 
f 2% P.S. 
< 1% F.S. 
f 2% of f u l l  scale per day 
f 2% of range per day 
32OP - 104OF 
5% t o  95% R.H. 
3" x 5" x 8" 
3.5 lbs.  
TABLE VII 
1- RQUIVALWTS OF SBUETED POLLUTANTS 
9.59 ppm U02 
109 Ppm 
89.8 ppm CO 
2030 PP" q 
111 ppm DMg (Peak #Eut.) 
24.6 ppm tQO 
20.3 ppm SO2 
30.4 ppm H2S 
lo6 P P  1 2  
lo6 Pm 02 
lo6 ppm He 
lo6 pprn 
1013 ppm Freon-12 0.0 I NO INTERFERENCE 
C. T U j 3 l g l B B L 7 6 3 0 P I # I I / ~ ~ ~ Y Z R R  
The MODBL 9630 I&Qi/tJO2 ECOLY2RR was developed a d  as a continuous 
moafter fo r  LMH and SI02 i n  a f irted iae ta l la t ion .  'Phe d e t a i l s  of develop- 
mat and design have been reported (1). The perform~nce character is t ics  
of t h f s  instruumnt are summartaebd Ca TABLES V I I I  and IX. 
T b  tkto prutotype instruments, S/N 1261 and 1282, a f t e r  having been 
fabricated and tes ted  a t  Energetics Science, Inc., were submittr2 t o  the 
Elawal Besearch Laboratory, Washington, D.C. for  ewaluarim. As a result 
of this evaluation several  design modifications were suggested. Consul- 
tatLons with t%e Keunedy Space Center Technical Program Director regarding 
fur ther  spec i f i c  S C  requirements suggested further  design change i n  these 
instruments. The f o l l o w i ~ g  tests were carried out t o  implement these re- 
design features and t o  evaluate the i r  effez: upon instrument performance. 
The pumping system i n  the instrument w a s  evaluated t o  be inadequate 
fo r  extended periods of operation. It w a s  therefore removed and the al- 
ternate p ~ : =  system shobn i n  FIGURE 22 was instal led.  This KMH sys- 
t e m  incorporates the same pump a s  the NO2 analyzer section except tha t  it 
is now located downstream f r ~ m  the electrochemical sensor. The tubing is 
fabricated from a l l  . r f lon  par ts  from the sample intake IT-? t o  the %ample 
exhaust f tom the sensor. The f l o w  is adjusted through the  enso or a t  400 
cc mi2- '  allowing the remaining flow to e x i t  through the sys tes  . "pass. 
I n  t h i s  manner the intake sampling r a t e  is maintained at  1.5 mine' 
while the analysis  is perfcrmed i n  the rlectrochemical sensor using on a 
f rac t ion of the vapor mixture. 
bl ti-ranges 
M i n i m  Defectable W i t i v i t y  
.Rise Tire 901 
Fa11 Tiee 
&m BrCftf 
Span Ikif t* 
Precision 
AmJracy' 
Noise 
OperatGng Terpe~ature Range 
Operating Relative Htnidi ty 
Dimensions 
Ueight 
Readout 
NO2 ANALYZER 
0-2, 0-20, 0-200 pin 0-5, o-ao, o-so0 p9r 
nPPb WpPb 
90 seconus <a seconds - 
45 seconds <30 seconds 
*101/30 Days ilOZl30 Days 
ilOi;/30 Days alW30 Days 
2Z F.S. TX F.S. 
5X F.S. 2X F.S. 
4 s  F-S. <lZ F.S. 
0-35Oc 0-35'~ 
10-95% 10-95% 
8" x 8" x 16" ,-> 
<- 17 Ibr. - 7.7 Kg. + 
Heter, 50 Divisions Meter, 50 Divisions 
Ki rrored Hi  rrored 
Recorder, 0-5V DC Recorder, 0-SV DC 
<-- 105 - 125V AC 
1. Using a reference standard gas mixtl~& o f  the same accuracy. With a 
wore accurate stand;lrd reference nethod an accuracy within the 
specified precision can be achieved. 
* Estimate 
6as nixturn 
1 
2 
ReaBing Ikre to Interferent - PP# 
MI Am\yzer 
mi 5 ppeltlt 
*2 5 -/Air 
BLR81yzer 
5 
-0.3 
-0.0 
I 5 
-1.35 . 
-0. I 
0.Q 
0.00 
kt 23.40 WAir 
CQ 248 &Air 
+4 
W, 25 
we - - - 0.0 
w wf)o wfl2 ? 0. OO 
m3 111 m/#2 +40 -0.00 
0.0 
0.0 
C2H4 2-27 ppslIN2 
"42 los PP 
+0.1 
0.0 
02 ,+100,000 ppir/Np 0.0 
I 
30,015 
0.0 
0.0 
0.0 
Ar*  - - -  0.0 
He lo6 ppm 0.06 
Freon n(6OZ EtOH Azeot 
MJoo PWNP +0.2 
'Pha e f f e c t  of this change upom larrtmeent p e r f o n ~ ~ . = e  st warious 
teqpcratums was evaluated. Since tke NO2 sec t ion  of the i n s t n e c n t  was  
eot cham@ It was oot Smcluded ia these measurera ts  and only the MHU 
fhnrrael of tbe instr\aent uas evaluated. The restulto of the d u a t i o a  
are sham in FICUBS 23. I n  FIGURE 2% the span change a f t e r  mom teqpera- 
ture calibration (23OC) is approlrirretely 18% up to 3S°C and 18X dmm to 
Z°C. Pbis comspowls to 0.8 to 1-32 span change per OC. I n  FIGURE f3B 
the dpmfc sero is sinwa as a f m c t i o n  of tbe  t-rature. The instru- 
aeot output is f o r  the most sensitire range where Q.5V is equivalent to 
0-2 ppm m. "Phe total wariatiuo ia zero is approximately 400 mV o r  0.16 
ppe over the range of 2OC to 35OC. 
T k s e  ftxed i e e t a l l a t i o n  instruments a r e  designed t o  be used with (1 
f i f t y  foot  -1- liee and, therefore, require the a b i l i t y  to rapidly 
draw a q l e  through a 50 foot  length of sample hose and perform an anal- 
ysis.  After  several j o i n t  experiments wfth the Naval Research Laboratory. 
both ESI and NUS. concluded tha t  the -ling tuoe n w l d  be constructed of 
PEP Teflon. A f i f t y  foot  length of three s i z e s  of Teflon tubing was evalu- 
ated f o r  the 8ar~plim sys~em. The comparison of the resrllts f o r  118" O.D., 
3/16N O.D., and 114'' O.D. Teflon tubing is summarized i n  TABLE X, The 
s i z e  of the tubing has a marked e f f e c t  on the flow and the pressure a t  the 
instrument intake. A t  these flawrates, however, the theore t ica l  purge time 
(tube volume 5 flowrate) is acceptable fo r  all three types of tubing. The 
c r i t i c a l  consideration is the e f fec t  of the tube upon the ECOLYZER per- 
formance. In  PICURES 24 and 25 the r e s u l t s  a r e  given fo r  the sensor 
add the  sensor, respect iwly .  These r e s u l t s  are summarized in  TABLE X. 
T h e  co Let Isaicatitra (sec) 8 18 If 6 
m/e~a (5-7 BiPr =O 830 211 fll 202 
902 mlae (-1 80 120 90 84 
Wz (-4 30 72 60 50 

m l e  bag. 'EBls aemple bw is then attached to the imstnarcnt intake 
flttieg Pia a atlibratlam Beg adapter a d  the i n s t ~ a r e n t  d r a m  the sample 
Leto t8e swmor 4 p e r f o n e  the analysis. By hawing a kmuledge of the  
ges rLrrwe caucentratloa, ueuellp supplied as i 2% accuracy, the 
eenly8er cen Ba calibrated. 
lEaerpgaCiea Scieaoe, IRC. bes developed a zero air f i l t e r  which is 
capable of remowlag e lec t rochedca l ly  actiwe weeo feom an ambleat a i r  
euerrr. ilais ie 4" 1- a d  314" In d-ter awl can in ter face  
d t h  &my Wm.lR5it d - r .  rtris all- tk operator to zero the iostnr- 
reat la the laboratory or i n  tbe  f i e l d  s i q l y  by at taching the  f i l t e r  to 
the aaalyser  iatabrt, TMs procedure ie r e m n d e d  f o r  the CaQBel 7630B. 
tbe Lbdel 6601, a d  Model 6302 B(]OLYZEES f o r  iaetrument zero adjustments. 
Phe ca l ib ra t loa  of  the WnB arralyser requfres the generation and 
a ~ a l y s i e  of 8, IQH and UDMi vapor pixtures and their analysis  by a stan- 
dard analy t ica l  technique. 
Vapor mixtures of Bydraeirre, ~ t h y l h y d r a z i n e ,  and U r u r m t r i c a l -  
dimethylhydrasine were prepared i n  a dpmlc  d i lu t ion  system. This d i l r  
t b n  system d Its operation are described i n  Appendix I and Section 11 
(RXPBlUMRWPU) of t h i s  report. 
The performance of t h i s  d i lu t ion  system w a s  evaluated by col lec t ing  a 
va r i e ty  of samples over the course of several months of operation and analy- 
s ing  them colorlmetrical ly . The theore t i c a l  concentrat ion was calculated by 
assumin$ a 95% pur i ty  f o r  the s t a r t i n g  hydrazines and measuring the l iquid 
and N2 gas di luent  delivery rates. A summary of the r e su l t  is shown i n  
TABLE XI. The eff iciency of iarplnger vapor sample co l l ec to r s  was a l so  

evaluated by placbqg an electrocbePrica1 menoor on the output of tb im- 
p w r .  The oollectlsa ef f ic iency is 95-100X while the d i lu t ion  system 
efficislacy eaa wary Bemeen 29 arrd 96%. Therefore i t  is extremely isrpor- 
t a n t  to peearm a c o l o r ~ t r i c  aaa lys i s  of the vapor dxture prepared i n  
the d i l u t i o a  apparatus before i t  is used f o r  l a s tnment  cal ibrat ion.  
After generation, these vapor mixtures \are trapped in Teflon sample 
bqs and then they -re a o a l y d  using an electtocWca1 sensor. The 
results are given i n  TkiBLll ItII. The vapors exhibit grea ter  s t a b i l i t y  in 
a i t r q p a  tlwm in air in these Teflon vessels and i n  general the  order  of 
s t a b i l i t y  ccm be @wen crs UDMl > HHH > B at the 5 ppm 1-1. I n  FICURR 25 
the s t a b i l i t y  of  IJWil i n  12 is shown over an  exter?ded t i m e .  I n  t h i s  test 
a 50 liter Teflon vapor sample bag was f i l l e d  v i t h  approximately 8 ppm 
UDHil/U2 and analyzed using an e lec t rochedca l  sensor a t  various tims. 
Since the s t a b i l i t y  of the ZlDPgi mixture is good showing only 5% decay over 
48 hours this would be a Plixture s t a b l e  enough t o  be transported short 
distances f o r  f i e l d  ca l ib ra t i aa  of the hypergolic instrumentation. When 
mixtures of H o r  MkW are used f o r  instrument ca l ibra t ion ,  they should be 
prepared and aaalymd a s  tbey are used. 
W e  have evaluated several  a l t e rna te  methods f o r  f i e l d  ca l ibra t ion  of 
the PMH analyzer. One used a g lass  container with a semipermeable membrane 
housing containing neat Hydrazine. A second w a s  a sealed polypropylene 
housing f i l l e d  w i t h  a solut ion of ti, PiaOi o r  UDEat i n  contact with a porous 
Teflon membrane. Both of these techniques exhibited i n s t a b i l i t y  i n  the 
l iquid  phase over r e l a t ive ly  shor t  (Eday) time intervals .  These methods 
were, therefore, judged inadequate fo r  the construction of f i e l d  ca l ibra t ion  
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dewIc88. Similar performance was f o d  fo r  a standard hydrarlne pemea- 
tima &vice. 
A tbfrd approach to f i e ld  calibration of the NEQt asalyser was evaluated, 
namely, the 6- due t o  an alternate reactive gas is used as a measure 
of the sensor act ivi ty  for  hydrazine. For such a scheme to  be successful, 
the alternate gas must be a measure of the cata lyt ic  ac t iv i ty  of the elec- 
trochemical cell for  hydrasine oxldatlorr. Such a dependence would not be 
w i l y  predicted but could be present i n  this type of chemical system. The 
mastilts of this evaluation a re  given i n  TABLE XIII. The resu l t s  show that 
the eleccrccbami4 c e l l  ac t iv i ty  toward 1902 and E2S exhibits  similar char- 
acteristlcs to the cell actiwlty for  WSX. The other gases studied i n  the 
ppm region show no obvious correlation. The H2S/Ht4E ac t iv i ty  r a t i o  is 1.08 
i 16% and the N02/H ac t iv i ty  ra t io  is 9.6 f 4%. The NO2 signal was nega- 
t lve  mUng t h i s  measurement not easily read on the instrument meter output 
wlthout additiooal electronic modification. None of the gases tested were 
judged acceptable for  instrument calibration but H$/12 gas rsixtures could 
provide a convenient f i e ld  functional test gas for  t h i s  instrument. Hydro- 
gen sulphide gas mixtures prepared i n  nitrogen are  carmnercially available. 
The ac t iv i ty  of the M H  sensor fo r  a l l  the hydraeines i.e., H, H, 
and UDlM was measured. The signals were characterized using both 6000 
Series and 7000 Series sensors. A knowledge of th i s  ac t iv i ty  w i l l  allow one 
to  calibrate the Instrument for e i ther  H, MMH or UDMH and by application of 
an appropriate scale factor obtain an accurate measurement for each of 
these vapors. The Hipster 6000 Series instrument when calibrated for HMH 
w i l l  be calibrated for H by multiplying the observed MMH readings by 1.1 
TABLE HI1 
CALIBBATIa OF NHl SiSUSlRS BY ALWUUUTE GAS BXPOSUWB 
an8 soill be ca l ibra ted  f o r  UBMl by multiplying the observed LW read- by 
1.4. The 9000 Serdas h m r m e n t  w i l l  require a ca l ibra t ion  fac to r  of 1.1 
f o r  L1 and 1.6 f o r  UIMH. Phem cal ibra t ion  fac tore  are accurate t o  f 1.5-20% 
at p r w e n t  and are applicable i n  the  linear range of these iastmments. 
D r i f t  and temperature charac te r i s t i c s  of these analyses have not been coat- 
ple te ly  werified but  as more seasors and instruments a r e  fabricated,  t h i s  
cross-calibration fac to r  w i l l  be refined t o  f 10% (the limit of t h i s  re- 
f-t w i l l  be approximately & 5-10%. It can then be c e r t i f i e d  f o r  each 
instrument and allow accurate f i e l d  measurement of al l  the hydratines with 
only a o w e  calibration. 
¶'he p r i o r  discussions of instrument performance have r e l i c d  upon a 
su i t ab le  method f o r  instrument cal ibrat ion.  Therefore, considerable e f f o r t  
was used to develop a reference technique f o r  hydraeine analysis .  The methods 
exnmined included d i r e c t  chromatographic detection, der iva t iza t ion  gas chro- 
matography, s t a i n  tube analysis,  t i t r a t i o n  methods, and colorimetry. Of 
these techiquee ,  the c o l o r ~ t t i c  method w a s  selected f o r  fur ther  3tvelop- 
ment (4). 
Calibration curve8 were determined fo r  the colorimetric methods given 
i n  Appendices 11 A, B, and C using the IU$4-(HCl)2 a d  MMH=Zi2S04 salts which 
were quanti tat ively d i lu ted  t o  ppm and sub-ppm leve l s  i n  ac id  solut ions,  and 
neat UDMM which "as di lu ted  i n  a buffer  solution. The r e s u l t s  a r e  given i n  
PICURES 26, 27 and 28 fo r  H, MMtl, and UDMH, respectively. 
Vapor samples from the  d i lu t ion  syrtem were prepared fo r  analysis  by 
collect ion I n  a midget impinger. The d e t a i l s  of the procedure used fo r  
each type of vapor a r e  outl ined i n  Appendices I1 A, B, and C. Typically 3 
t o  5 liters of vapor mixture was passed through the impinger a t  475 cclmin. 
The ptecieion of colorimetric analysis of hydratine vapor mixtures was 
about f 6% as determlnd by repeated analysis of a s w e  $amom mixture, 
but the precision of the analysis of the standard aqueous hydrazbe solu- 
tiotrs was about f Ijt fadfcating that the greatest source of error is i n  the 
collectfoa of the vapors. 
The lowest detectable concentratiensr of hydratines i n  the aqueow 
state fo r  procedures employed are  0.5 ppm, 0.05 ppm cmd 0.2 ppm for  H, 
U A  arsd tlDME respectively. Since the concentration of aqueous hydratines 
depends upoa the trolume of vapor mixture collected as w e l l  as the concen- 
t ra t lon  of the hydrazine vapor, extremely l o w  concentrations of hydrazine 
can be detected, ae long as enough vapor is collected. To real ize  the 
sta*sd accuracy, the volrtms of vapor which needs t o  be collected are  given 
i n  TABU XIV at  the various levels  of concentration. 
Fixed Insta l la t ion 7000 Serles and a portable 6000 Series hypergolic 
vapor detection instrumentation has been developed, designed, fab~ica ted ,  
and tested. Accessory hardware and supporting technology has been developed. 
Theee instruments a re  capable of re l iable  measurement of 8, MHH, UDMH, and 
NO2 and met th i s  program's required design goals. 
The success of this type of instrumentation gives impetus to  the fu- 
ture development of more advanced electrochemical ins  trumentar ion. The 
present technology, fo r  the f i r s t  t ime  introduces a cost-effective and re- 
l i ab le  method f c r  f i e ld  meaeurement of hypergolic vapors. Yet these instru- 
ments w i l l  not provide for  a l l  the needs of future hydrazine instrumentation 
mm Ma4 mm 
0.1 ppm 106 Lfter~ 19.1 Litere 33.4 Liters 
1 P F  10.6 Wters 1.91 Liters 3.34 Liters 
10 Pplp 1.06 L f t e r s  0.19 Liters 0.33 Li.terta 
and while they are state-of-the-art instruments, they do not reveal ulti- 
pate capabilities for this electrochemical detect ion system. 
Present lidtations of the sensing technique are detection specificity 
and sensor lifetime. These characteristics can be improved by further sen- 
sor developments along with improvements in accuracy, environmental stability, 
sensitivity, and attitude sensitivity. Future applications of electrochem- 
ical sensing technology can be made in the development of analytical instru- 
sentatlon, dosimeters, and safety monitors for hypergolic vapors. 
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APPENDIX L 
OPERATION OF PHE HYDBAZINES DILUTION APPARATUS 
The Hydrazine Dilut ion Apparatus is used t o  make hydraeines vapor mixtures of 
< 1 ppm t o  > 100 ppm in a continuous marmer. The d i lu t ion  apparatus is shown i n  
FIGURE I-A-1, which is cantaiued in a l a rge  fume hood, since the  hydrazines a r e  of 
a toxic  and daagerous nature. Also, any b o t t l e s  o r  v i a l s  of nea t  hydraeines are kept 
in the  hood. 
The apparatus opera tes  by supplying a uniform lw f l w  of l i qu id  Hydrazine, 
H, o r  UDMi contained in a 16 pll tlamllton syringe with a Sage Model 355 syringe pump 
through a septum sealed por t  i n t o  a custom fabricated g l a s s  mixing apparatus through 
which a d i luen t  gas flaws, 99.9998% N2 vas most frequently used as a d i luen t  s ince  
hydrazines vapors were found t o  be more s t a b l e  i n  N2 than a i r ,  A cont ro l led  f l w  of 
t h e  d i luent  gas passes through a pre-conditioning chamber, which slay be used t o  warm 
the  gas stream when r e l a t i v e l y  high concentrations (> 50 ppm) of Hydratines a r e  des i r -  
ed. It then passes the syringe needle, picking up the vapor and i n t o  a 1 liter bulb 
which mixes the  vapor and d i luen t  gas. The vapor mixture then may be divided by two 
t e f lon  g l a s s  valves and the  sampling stream passes a 603 Matheson flowmeter. The 
vapor mixtures may e i t h e r  be col lec ted  in Teflon bags f o r  rereote sampling o r  be used 
d i r e c t l y  from the  sample exit stream. 
To set up the d i l u t i o n  system, the d i luen t  gas source a t  40 PSI  ( i n  the case 
of N, a gas tank) is connected t o  a manifold which suppl ies  the d i luent  t o  the g l a s s  
- 
mixing apparatus. The d i luen t  is adjirsted t o  the desired sample flow (using the sam- 
p l e  flowmeter with the vent valve closed) by using the appropriate  valve on the mani- 
fold. A 10 p l  syringe is f i l l e d  with nea t  H, Hydrazine o r  UDWi f rom a Teflon valve 
cap v i a l  containing the  proper l iqu id ,  moving the plunger up and down severa l  times t o  
r i n s e  and remove bubbles from the  syringe. The syringe is in jec ted  i n t o  the septwl 
port  i n  the g lass  mixing apparatus, and placed on the s y r i n f e  pump and secured with 
the clamp. The syringe pump car r iage  is placed on the p*lmp 2nd the syringe pump is 
put oa a high speed u n t i l  the car r iage  5.s j u s t  pushing the syringe plunger. The puaq 
1 
ia then adjusted to soae 1-r delivery rate (for  exauple settings 60% f low X i& ). 
After allowing 15 mimates for the  system t o  reach steady s t a t e ,  the vapor d w t u r e  is 
ready to be saapled. 
¶'he theore t ica l  concentration of the vapor can be found by knowing the  delivery 
rate of the l iquid  and the flawrate of the  dflueut. We equation giving the ppm vapor 
concentration by voluae Is: d 
AD X 24450 iZXE X 10' ppm 
[IIMI, H, o r  UMII] = !4F 
al 
where: A = the  delivery rate Eydrazines l iquid (x). 
D the densi ty of the  l iqu id  (glal). 
H = the  molecular weight of the  l iquid ( g ) . 
mole 
F = the flawrate of the di luent  (allmin). 
Siace the syringe pump delivers  0.024 d/Pln fo r  a 10 ~ 1 1  syringe at p u q  se t t ings  100% 
Flaw X 1, A is given by: 
BC A = 0.024 mllmin - 
100% 
&ere B = X F L w  
Substi tut ing equation (2) in to  (1) gives: 
0.024 d / u n  BCD X 24650 ml/wle X 10' ppm 
(H, 1, o r  UDm] = n F 100% 
(3) 
1 (For example ?4Ql a t  pump se t t ings  60% X - and di luent  flow of 700 m l / m i n  yields 
1000 
0.024 d / d n  X 0.866 g/ml x 60% x - 1 x 24, 450 rl/reole x 10' ppm 
tmla 1000 = 9.4 ppm. 
x 46 g/srole x 100% x 700 mllmin 
Bag samples a r e  collected by disconnecting the sample stream from the flowmeter 
and connectfng a Teflon bag to the sample stream. The bag is l e f t  on u n t i l  it is 95% 
fu l l .  The bag is then removed and its valve is closed. The sample stream is replaced 
on the flowmeter. The bag may then be cal ibrated calorimetrically o r  electrochemically 
and used fo r  remote sampling. 
For direct aaqllng the sclgle stream is connected to a 500 m l  plastic bottle 
-dth a sample exit and a went. A portion of the sample stream is then drawn for 
test*. 
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APPENDIX 11 
ANALYTICAL PROCEDURES FOR H, H, AIUD UDMl ANALYSIS 
A. Determination of Caseous Monmethylhydraeine . 
B. Determination of Gaseous Hydraeine. 
C. Determination of Gaseous Unsyumetrical Dieiethylhydrazine. 
APPENDIX 11-A 
DETERKt NATION OF GASEOUS MONOMETHY LHYDRAZ I NE 
A. Prepara t ion  of PDHAB Dye Solution_ 
1) MIX: 
1.6 g. p-dimethylaminobenzaldehyde 
15 m l  concentra ted HC1 
200 ml Methanol 
2) S t o r e  t h e  dye s o l u t i o n  i n  a n  amber b o t t l e  i n  a da rk  place .  
Shelf  l i f e  two weeks. 
B. W Stock So lu t ion ,  100 ppm 
1)  C a r e f u l l y  weigh 0.156 g. of MMH. H2SO4 s a l t  on an  a n a l y t i c a l  balance.  
2) G m p l e t e l y  t r a n s f e r  t h e  HMI . H2S04 t o  a 500 n l  volumetric f l a s k  con- 
t a i n i n g  about 100 m l  0.1 N H2SO4. Shake t h e  f l a s k ,  d i s s o l v i n g  the  MZ4H. 
H2S04. F i l l  t o  t h e  mark wi th  0.1 N H2SO4. 
C. Use of t h e  Spec:ronic 20 Colorimeter 
1) With the  instrument o f f ,  ensure  t h a t  the  "blue" phototube, number 
CE-A59RX (gray i n t e r n a l s ) ,  f o r  wavelengt l~s  l e s s  than 650 nm is i n s t a l l e d .  
2) Turn t h e  instrument on by r o t a t i n g  the  Power - Zero c o n t r o l  clockwise 
and a l low t h e  instrument t o  warm up a t  l e a s t  30 minutes be fore  use.  
D. Sampling 
1) P i p e t  25 m l  of 0 . 9  H2S04 i n t o  a midget impinger wi th  a bubbler at tachment.  
2) Connect the  i n l e t  of the  impinger t o  a female f i t t i n g  t o  a l low easy bag 
sampling. Connect the  o u t l e t  t o  a flowmeter and the  flowmeter t o  a 
va lve  and t h e  valve  t o  a pump with tygon tubing (See Figure 111-A-1). 
3) Turn t h e  pump on and a d j u s t  the  f lowrate  between 700 and 200 cclmin with 
the  valve.  NOTE the  f  lowrate. 
4) Calcu la te  ~ h t :  time nec%ded t o  c o l l e c t  the  d e s i r e d  volume of M?lH/N2 o r  
MMH/Air by t h e  equation: 
F.K. (cc/min) 
Col lec t ion  time (Minutes) = Volume c c  
Conriect the  bag sample o r  o t h e r  source  of MMH vapor t o  the  impinger i n l e t  
and s tart  stopwatch. 
5) A f t e r  c o l l c c t i n g  f o r  the  d e s i r e d  t i m e ,  remove bag o r  o t l ier  source of Mi, 
s t o p  stopwatch and tu rn  of f  pump. 
6) C o l l e c t  106 l i t e r s  a t  0.1 ppm MMl, 10.6 l i t e r s  a t  1 ppm W, and 1.06 l i t e r s  
a t  10 ppm MMH. This volume needs to be determined by t r i a l  and e r r o r  f o r  
unknown vapor samples. 

F. Calculation 
The concentration of gaseous r m  in E2 or air is found by the equation: 
A ;; ppm F M  in the solution sample. 
V = volums MNH/SZ or I2EifAi.r collected in cc? 
Calibration Curve 
3) prepare a 10 ppm NMi staadard solution by pipeting 10 m l  of the stock 
solution to a 100 nl volucerric flask azrd d i l u t i n g  to the mark with 
0.lN H2SO4- Bepeat for sta~dard solutions of 8,5,2 and 1 ppm H;CM by 
pipeting 8,5,2, a d  1 ml respectively instead of 10 d. 
2) ~ollow steps- EL through E8 in the analysis using the standard solutions 
as samples- Plot A, absorbaoce, vs. ppo, BMH on graph paper. Draw 
the best straight line through tho, poiats and extrapolate to 0 ppm. 
3) A separate curve shal l  be prepared for each colorimeter. A new cunre, 
sbll be prepared if it i s  necessary to change the colorimeter lamp 
or ph&otube. 
4) Stmdard saoples should be run perfodictlly (1-e., one with each days 
calibratioas) to check the accuracy of the calibration curve. 

APPENDIX 11 - B 
DETERMINATION OF GASECUS WDRAZINE 
A. P repara t ion  of PDMAB Dye So lu t ion  
1 )  Refer t o  Sec t ion  A i n  t h e  Determination of Monomethylhydrazine 
Appendix 11-A. 
B. N2H4 Stock So lu t ion ,  100 ppm 
1 )  Care fu l ly  weigh 0.152 g. of N z H ~ - ( H C ~ ) ~  s a l t  on an a n a l y t i c a l  balance.  
2) Completely t r a n s f e r  t h e  N2H4- (HC1)2 t o  a 500 m l  volumetr ic  f l a s k  
con ta in ing  about 100 m l  0.1N HC12. Shake t h e  f l a s k ,  d i s s o l v i n g  t h e  
N2H4-(HC1) 2. F i l l  t o  t h e  mark wi th  0.1N HC1. 
C. Use of  t h e  Spectronic  20 Colorimeter 
1) Refer t o  Sec t ion  C i n  t h e  Det-rmination of Monomethylhydrazine; 
Appendix 11-A. 
D. Sampling 
1 )  P i p e t  25 m l  of 0.1N HC1 i n t o  a midget i ap inger  wi th  a bubbler  at tachment.  
2) Refer t o  Sec t ions  D 2-5 i n  the  Determination of Monomethylhydrazine, 
Appendix 11-A. 
3) A s  a guide,  c o l l e c t  19 liters a t  0.1 ppm H ,  1.9 l i t e r s  a t  1 ppm H ,  and 
0.2 l i t e r s  a t  1 0  ppm H. 
E. Analysis 
1) Turn on t h e  Spectronic  20 and allow i t  t o  w a r m  up. 
2) Prepare  a black by p i p e t i n g  25 m l  of 0.1N HC1 i n t o  a smal l  v i a l .  
3) Transfe r  t h e  e n t i r e  irnpinger sample t o  a small  v i a l .  
4) P i p e t  1.25 ml of the  PDMAB dye s o l u t i o n  t o  each of t h e  v i a l s .  
5) Cap t h e  v i a l s  and a l low t o  s t and  f o r  20 minutes. 
6) A f t e r  20 minutes, road the  XT a s  fol lows:  
a) S e t  t h e  Spectronic  20 wavelength d i a l  a t  457 nm 
and a d j u s t  the  ze ro  c o n t r o l  so t h a t  the  meter reads  
OXT with  t h e  c e l l  ho lder  empty and the  cover c losed.  
h) Rinse a t e s t  tube c e l l  twice wi th  t h e  blank and f i l l  
halfway with  the  blank. Wipe the  o u t s i d e  of the c e l l  
c l e a n  with a t i s s u e .  c,,,cn t h e  c e l l  holder  cover and 
i n s e r t  t h e  t e s t  tube c e l l ,  a1 igning the  mark on the  
c e l l  w i t 1 1  t h e  l i n e  on the  holder .  
c )  Close the  cover and a d j u s t  the LIGHT con t ro l  
u n t i l  the  meter reads 100XT. 
d) Remove the blank and save f o r  fu tu re  use. 
e) Rinse a celi twice with the  sanple and f i l l  
halfway with the  sample. Wi?e t he  outs ide  
c l ean  with t i ssue .  I n s e r t  the c e l l  i n  t h e  
holder, a l ign ing  the mark on the  c e l l  with 
the mark on the  holder. 
f )  Close t h e  cover end read XT. NOTE the  re- 
s u l t .  
g) Repeat, steps b,c,d,e, and f t h r e r  timas 
m d  take  average XT value. 
7) Remove sample from colorineter .  I f  a d d i t i o n a l  samples have been prepared 
for measuteuent, repsat s t e p s  6b through 6g f o r  each sample. 
8) Convert the average %T of tlte sample t o  A (absorbake) by t h e  fornula: 
9 )  Obtain t h e  N2H4 value from t h e  c a l i b r a t i o n  curve- 
F. Calculat ion 
The concentrat ion of gaseous N2H4 i n  N2 o r  alr is found by t h e  equation: 
A = pprn N2H4 in t h e  so lu t ion  sample. 
V = volume N2H4/N2 o r  N2H4/Air co l l ec ted  i n  cc? 
G. c a l i b r a t i o n  Curve 
1) Prepare a 10 ppm N2H4 standard so lu t ion  by pipet ing  10 m l  of t h e  s tock 
so lu t ion  t o  a 100 ml voluaet r ic  flask and d i l u t i n g  t o  the  mark wi th  0.1N 
HC1. Repeat f o r  standard soiu t ions  .,E 8 , 5 , 2 ,  and 1 ppn N2114 by pipet ing  
8,5,2, and 1 ml respectively ins tead  of 10 nl. 
2) Follow s t e p s  E l  through E8 i n  the  ana lys i s  using the  standard so lu t ions  
as samples. P l o t  A, absorbance, vs. ppn X2H;+ on graph paper. Draw the  
bes t  s t r a i g h t  l i n e  through the  po in t s  and ex t ra  pola te  t o  0 ppm. 
3) A separa te  cover shall be prepared f o r  each coloriiaeter. A ncw curve, 
s h a l l  3e prepared iE i t  is necesszry t o  change the colorlrnetcr lamp o r  
phototube. 
4 )  Check ca l ib ra t ion  of ten  by analyzinp a standard snniplc .  
APPENDIX 11 - C 
DETERMINATION OF GASEOUS UNSYMMETRICAL DIMETHYLk' I DMZ1 NZ 
- 
A. Preparation of Buffer Solution 
1) MIX: 
9.6 g C i t r i c  Acid 
15.7 g Na2HP04 
2 l i ters d i s t i l l e d  water. 
2) Adjust the pH t o  5.4 (with a pH meter)? with c i t r i c  acid? 
B. - UDMH Stock Solut ion 
1) F i l l  a 500 m l  volumetric f l a s k  with buffer  so lb t ion  t o  the l i ne .  
2) Transfer (63 x (pur i ty  of ULNA) ) pfL of neat  UDMH with a 100 syringe 
t o  t he  f lask .  Shake the f lask .  
C. Use of the Spectronic 20 Colorimeter 
1) Refer t o  Section C i n  the Determmation of Honomethylhydrazine Appendix 
11-A. 
D. Sampling 
1) Pipe t  25 m l  of buffer  so lu t ion  i n t o  a midget impinger wi'h a bubbler 
attachment. 
2) Refer t o  Sections D 2-5 i n  the Determination of Monomethylhydrazrne, 
Appendix 11-A, however the flowrate through the impinger should be 
between 200 and 400 cclmin. 
3) A s  a guide, co l l ec t  33 l i t e r s  a t  0.1 ppm UDMH, 33 l i t e r s  a t  1.0 ppm UDMH, 
and 0.33 l i t e r s  a t  10 ppm UDMH. 
E. Analysis 
- 
1) Turn on the Spec t rmic  20 and allow i t  to  warm up. 
2) Prepare a 0.1% TPF so lu t ion  by t ransfer ing  0.1 g of trisodiumpenta- 
cyanoaminoferrate i n t o  10 m l  volumetric f k s k  and f i l l i n g  to  the mark 
with d i s t i l l e d  waczr. 
3) Prepare a blank by pipet ing 7 m l  of the buf fer  so lu t ion  t o  one of t k  
t e s t  tube c e l l s  supplied with the calorimeter. 
4 )  Piper 7 m l  of the sample solut ion i n  the impinger to  a co lo r i s e t e r  t e s t  
tube. 
5) Pipet  1 m l  of the TPF so lu t ion  to each of the test tubes. 
6) Stop the ttst t r~bes  and aliow to stand f o r  20 minutes. 
7) After 30 minutes, read thc ZT a s  follows: 
a) Set the Spectronic 20 uzve len~th  d i a l  a t  500 nm 
and adjust  the zero control SO that  the meter 
reads OXT with the c e l l  holder espty and the 
cover closed. 
b) Ensure tha t  there are no bubbles i n  the blank 
sample and wipe the outside of the cell  clean 
with'a tissue. Open the c e l l  holder cover and 
inser t  the test tube c e l l ,  aligning the mark 
on the cell with the l i n e  on the holder. 
c) Close the cover and adjust the LIQIT control  
w r t i l  the rrter reads 100XT. 
d) Remove the  blank and save f o r  future use. 
e) =%sure that the  sample cell contains no 
bubble; and wipe ths oetside clean with a 
tissue, Insert the cell i n  tbe holrhr, 
aligning the mark on t h e  cell tdth the  
mark on the holder. 
f )  Close the cover and reat 7%- EOTE the r e su l t -  
g) Repeat, s teps  b,c,d,e, 2nd f three tines and 
take awerags ZT value, 
8) Rcwve sample frr.4 colorineter. I f  addit ional s a e l e s  have been prepared fo r  
measurement, repeat s teps  65 through 6g for  each sanplc. 
9) Convert the average XT of the sacple t o  A (zbsorbance) by the formula: 
10) Obtain the UDW value fron the cal ibrs t ion curve. 
11) NOTE: UDNI impinger sample should be analyzed uizhin an hour of collection. 
F. Calculation 
The con cent ratio:^ of gaseous U3>M i n  S2 o r  a i r  is found by the equation: 
9.55 pps  UD?Cd = A --- 
v 
A = ppa UDlt i  in the so lut ion  ssnple .  
Calibration Curve 
1) Papare a 10 ppm standard soluiis~ by pipeting 10 nil of the stock solution 
to a 100 m i l  voluiaetric flask and diluting to the mark with O.U4 tI2SO4. Repeat 
for staodard splutions of 8,5,2 and 1 ppn hW by pipeting 8,5,2, and 1 ml 
respectSvely instead of 10 ml. 
2) rollow s t e p s  E l  through E8 in  the analysis using tlre standard so lu t fons  
as sap3es. Plot A, absorbance, vs. ppa 2SH on graph paper. Draw a curve 
thro'.& the polnts and extrapolate  to 0 ppm. 
3) A separate curve sbU, be prepared for each colorimeter. A new curve, shoe- 
. 
be prepared if it is necessary to change the colorimeter lamp or phototuba. 
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